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ABSTRACT
Prospective memory is the ability to remember to complete future intentions. Throughout
the study of prospective memory, the use of emotional stimuli tends to lead to contradictory
effects. Some studies suggest that emotional stimuli, particularly positive stimuli, lead to better
prospective memory performance. However, emotional stimuli have also been associated with
detrimental effects or even no effect on prospective memory. This study aimed to further
investigate the potential influence of both positive and negative emotions on prospective
memory. College students completed three blocks of an n-back task with positive and negative
emotionally valenced images in the prospective memory blocks for the Experimental condition
and neutral images in the Control condition. Results revealed that although there were no
differences between positive and negative stimuli, the emotional stimuli overall decreased
prospective memory performance. Examination of ongoing task data suggests that emotional
images may have suppressed the spontaneous retrieval process.
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CHAPTER I
INTRODUCTION

Prospective memory (PM) is the ability to remember to execute future intentions. These
intentions could include anything from remembering to take medication to remembering to call a
family member or friend. This ability to remember to, and in turn, complete our intentions is
vital to our day-to-day lives. Given our limited ability to complete multiple tasks at once (Wood
et al., 2012; Wood & Cowan, 1995), individuals must rely on their memories and external cues
(e.g., to-do lists) as a means of completing tasks in a timely manner. Studying prospective
memory will help to elucidate its underlying processes and the interaction between PM and other
cognitive processes, such as emotion. The purpose of this study is to explore the influences of
emotional information on PM performance. In doing so, this study may help in understanding
how emotional context influences our ability to remember to complete tasks.
There is a wide variety of research exploring the effects of emotion on memory, with the
earliest studies focusing on retrospective memory. Though much of the early research focused on
“mood” as opposed to “emotion”, the eventual shift from one construct to the other leads to the
assumption that mood may be an aspect of emotion, and in turn, both will have similar effects on
PM performance. Although sometimes used interchangeably, mood and emotion are separate
constructs. Mood refers to a “feeling state”, where a broad feeling or state of mind is present for
a period of time (Isen et al., 1978). Emotion instead is a state of mind that uses mood as a
response or motivator in the presence of situations or stimuli (Altgassen et al., 2010). The study
1

of the influence of mood on retrospective memory has shown that an induced mood influences
one’s memory. A positive mood may lead to higher recall performance of positive stimuli (Isen
et al., 1978). This can be explained through the encoding specificity hypothesis that was
developed by Tulving and Thomson (1973), which states that mood can act as an effective
retrieval cue by associating a specific cognitive element that can influence the way information is
encoded and stored. This means that individuals can use the positive information to remember
later because the emotional association to this information affects how it is encoded and stored in
the memory system. On the other end of the emotional spectrum, researchers theorize that
feelings like anxiety-related worry is a dual-task that can reduce attention and overall working
memory performance (Moran, 2016). Given the effects of mood on retrospective memory, it is
plausible to anticipate that emotion will similarly influence prospective memory. The typical labbased prospective memory paradigm does, however, contain some distinct features that may
elicit a different profile of the underlying processes.
Laboratory PM tasks typically require participants to work on a continuous cognitive
task, or ongoing task (Kliegel & Jäger, 2006). The purpose of the ongoing task is to engage
participants’ attention in other activities until the opportunity arises to execute their future
intention, similar to what occurs in everyday life. Examples of ongoing tasks include working
memory tasks, such as the n-back, or decision-making tasks, such as a lexical decision-making
task. The n-back task specifically presents a list of stimuli (e.g., letters, words, or images), and at
the end of the list, participants are asked to recall whether the stimulus currently presented is the
same as the stimulus presented n spaces back in the list. Most commonly, participants are asked
about stimuli presented one, two, or three spaces back from the response slide. To measure the
cognitive processes associated with PM, there are two different kinds of lab-based tasks: Time2

based and event-based tasks. Time-based tasks, as the name suggests, require a specific amount
of time to pass before the task can be executed. Alternatively, event-based tasks use the
appearance of a specific external cue to initiate the task-execution process.
In addition to completing the ongoing task, participants are typically expected to
complete the PM task that is dispersed intermittently within the ongoing task, such as making a
keypress when presented with a specific stimulus during that ongoing task. In turn, the
participants’ attention must switch during the ongoing task to complete the PM task. One
advantage of using standard cognitive measures as the ongoing task is that they allow researchers
to isolate the underlying PM processes, like monitoring and spontaneous retrieval. Monitoring is
a cognitively effortful process that involves holding the intention in mind while actively
searching for the target cue to execute the task (Smith et al., 2007). Typically, monitoring is
measured through ongoing task costs, or cognitive effort used during the ongoing task. Ongoing
task costs are normally measured through reaction times (RTs). When a participant takes longer
to respond to the ongoing task during a PM block, that is a sign that they are actively monitoring
for the PM target, even if that target is not present during the current trial. Spontaneous retrieval,
by contrast, relies on retrieval cues to bring the intention to consciousness so it can be executed,
making the process less cognitively demanding (McDaniel & Einstein, 2000). Spontaneous
retrieval processes are typically seen when accuracy on the ongoing task during a PM block is
high, but with lower RTs, as costs are lower without active monitoring.
The design of the typical laboratory, event-based PM task was developed to isolate
specific underlying cognitive processes (Einstein et al., 2005). According to the multiprocess
theory, the two main processes that underlie PM retrieval are a cognitive control process referred
to as strategic monitoring and a more reflexive process referred to as spontaneous retrieval
3

(Einstein et al., 2005; McDaniel & Einstein, 2000). However, other theories suggest that there is
a single process, strategic monitoring, that supports retrieval (Smith et al., 2007). Preparatory
processes like strategic monitoring involves maintaining the intention while looking at the
external environment for cues that show the intention should be executed, which leads to costs in
other ongoing activities (Einstein et al., 2005; Smith et al., 2007). Spontaneous retrieval, on the
other hand, is argued to support the successful execution of PM intentions without incurring
costs on ongoing activities (Einstein et al., 2005; Scullin et al., 2013). A recent extension of the
multiprocess theory, the Dynamic Multiprocess View (DMPV), suggests that a range of bottomup (spontaneous retrieval) and top-down (monitoring) processes interact in a dynamic fashion to
support PM and contextual information, such as emotion, can modulate this interaction (Shelton
et al., 2019; Shelton & Scullin, 2017). A primary goal of the present study is to investigate how
an emotional context may influence the underlying processes supporting PM throughout the life
of the intention.
Emotional prospective memory paradigms typically involve some sort of stimulus that is
intended to be an emotional manipulation for the participants. The most common stimulus sets
contain word lists, using cognitive tasks like lexical decision tasks and the ongoing task (May et
al., 2012; May et al., 2015). These words are often ones that may evoke a sense of discomfort
(“murderer” or “killer”) (May et al., 2012; May et al., 2015), express a particular emotion
(“love” or happiness”, or meant to be completely neutral (“apple” or “rabbit”) (Altgassen et al.,
2011). However, other tasks (and the methodological focus of the current task) use images as
either supplements (Kensinger & Schacter, 2006) or alternatives to word lists. In studies where
the images are the stimulus of choice, the emotional aspect of these images may be represented
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in either the encoding phase only (Henry et al., 2015), or at both encoding and retrieval phases
(Altgassen et al., 2010; May et al., 2012; May et al., 2015).
When presented, positive images activate more areas of the brain associated with
executive functioning and memory than do negative images (Seo et al., 2014). Rendell et al.
(2011) found that using positively valenced cues improved PM functioning. When compared to
neutral stimuli, positive stimuli were found to decrease in ongoing task costs in both younger and
older adults (Cona et al., 2015; May et al., 2012; May et al., 2015). The reason for this
improvement is believed to be that the saliency of the cue reduces monitoring, and in turn,
cognitive resources for completing the task (Altgassen et al., 2010; Cona et al., 2015; May et al.,
2012). In turn, positive stimuli led to less cost and decreased the number of times they
accidentally repeated a task.
Negative emotions have been shown to improve PM performance depending on the
circumstance. For example, the use of negative stimuli can increase the likelihood someone will
remember the visual features of an item on a list, as the negative stimuli are more salient than
neutral stimuli (Kensinger et al., 2007). For tasks that have a deadline or start at a specific time
(time-based tasks), those who have anxiety perform better than those without anxiety. On the
other hand, for tasks that are initiated by a cue or even (event-based tasks), those who have
depression perform better than those who have anxiety (Kliegel & Jäger, 2006). Depending on
the circumstance, anxiety or depression can either improve or decrease PM performance (Harris,
1999; Kliegel & Jäger, 2006; Nigro & Cicogna, 1999). Those with high anxiety completing timebased PM tasks tend to have better PM performance, while those with high levels of depression
tend to have better performance on event-based tasks (Kliegel & Jäger, 2006). Unlike highly
anxious individuals, those with depression completing time-based tasks have worse performance,
5

as they are unable to allocate the resources necessary to complete the task at the set time interval
(Kliegel et al., 2005).
Both patterns suggest a concept known as the mood congruent effect. As a type of
encoding specificity, altering one’s mood into a negative mood leads to an increase in
remembering negative memories or stimuli more than positive ones (Ellis & Ashbrook, 1988;
Ellis & Ashbrook, 1989; Lange & Carr, 1999). According to Bower (1981), stimuli that are
congruent with one’s mood will be more salient than stimuli that are incongruent. A person in a
depressed mood will have limited attentional resources to apply to the task at hand, so a less
effortful task, like an event-based task, tied with negatively-valenced cues would allow
depressed individuals to perform better on those tasks (Ellis & Ashbrook, 1988). Anxiety is also
a negative mood, but unlike depressed individuals, the nature of anxiety allows for better
performance on time-based tasks. The negative mental state allows for constant rehearsal of
important and specific details (e.g., times for responses), so paired with mood-congruent cues,
highly anxious individuals have higher performance on time-based tasks than those who have
lesser anxiety (Eysenck & Calvo, 1992; Kliegel & Jäger, 2006).
Although negative stimuli have been found to improve performance in comparison to
neutral stimuli, the presentation of positive stimuli is the most effective for improving
performance (Hostler et al., 2018). Regardless of the emotional cue presented, whether it was
positively or negatively valenced/pleasant or unpleasant, having the emotion attached to the cue
removed the age deficit found in older adults and improved PM performance in both younger
and older adults (Altgassen et al., 2010; May et al., 2015). However, these emotional cues could
also show a reduction of PM performance at encoding in older adults (Ballhausen et al., 2015).
Performance, in turn, was lower when participants were instructed to remember an emotional
6

image for the PM task. Negatively valanced cues have also been found to be less useful for
retrieving intentions in comparison to positive cues (Clark-Foos et al., 2009). PM performance
has also been reduced in situations where the emotional context of the cue is incongruent with
the emotional content of the cue (e.g., neutral instructions for a positive or negative cue) (Graf &
Yu, 2015). Additionally, when the manipulation takes place only in the encoding phase, and not
retrieval, there are no differences in the groups, regardless of valence (Henry et al., 2015).
Results like these further justify that the stimuli presentation method moderates how the cues
effect performance (Hostler et al., 2018).
The cues we use frequently can remind us to complete our tasks. Whether we see an
advertisement for the supermarket on the way home from work or see a post-it note reminding us
to do our taxes, we have visual reminders many tend to take for granted. Emotional ties to these
stimuli may assist in helping individuals remember to execute their intentions; however, this
relationship is unclear and marred by contradictory results (Harris, 1999; Henry et al., 2015;
Hostler et al., 2018; Kliegel & Jäger, 2006). Upon examining the methodologies of past studies
like Henry et al. (2015), a ceiling effect in task performance, could have led to a lack of
differences observed in PM performance in the presence of emotional stimuli. Another possible
reason for these past results is that Henry et al. (2015) only presented the emotional images
during the encoding stages, as opposed to encoding and retrieval; in a study where images were
only presented at encoding, there was a lack of differences between groups. In turn, to find
differences in effects of emotional stimuli on PM performance, the emotional manipulation may
have to take place during encoding and retrieval, rather than encoding alone.
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Present Study
The goal of the current study is to examine the influence of positive and negative
emotional contexts on PM performance. An event-based task will be the focus of this study, and
more specifically, the use of these tasks in the context of using emotional stimuli to initiate the
execution of the PM task. Additionally, the task used in the present study, by contrast of previous
studies, will focus on the use of emotional images at encoding and retrieval. The methodology of
this study is based on that of Henry et al. (2015), but instead I will have a more difficult task in
comparison to previous studies (a two-back task over a one-back task). By doing so, I will be
attempting to isolate the differences in PM task performance across stimulus blocks and
conditions. I have three hypotheses for the current study: the first (H1) is that there will be an
increase in PM performance when presented with emotional stimuli in comparison to neutral
stimuli, the second (H2) is that there will be a difference in PM performance, with higher
performance in the positive block compared to the negative block, and (H3) I hypothesize that
there will be lower ongoing task costs in the emotional blocks in comparison to the neutral
blocks.
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CHAPTER II
METHODOLOGY

Participants and Design
A sample of 71 undergraduate participants were collected from two sources, the
University of Tennessee at Chattanooga in Chattanooga, Tennessee and Stevenson University in
Stevenson, Maryland. Twelve participants were cut in total from the sample (experimental n =
11; control n = 1). Eleven participants were excluded due to a failure in correctly answering the
retrospective memory check question at the end of the prospective memory blocks. One
participant was excluded for not following instructions. The final sample was 59 participants.
Participants were predominately white (67.8%). This sample also included Black (6.8%),
Hispanic (11.9%), Asian/Pacific Islander (6.8%), and mixed-race (6.8%) participants. The
sample was also predominantly female (76.3%), with some male participants (20.3%). Two
participants disclosed they were transgender/gender non-conforming. One participant stated they
had a neurological condition (occipital neuralgia). Although 22 participants stated they were
diagnosed with a mood disorder, only eight stated they were taking medications for their mood
disorder.
This study used a 2 (Condition: experimental/control) x 3 (Task Block: No PM/PM block
1/PM block 2) x (Order: No PM First/No PM Last) mixed-factor design with the block as the
within-participants factor and condition and order as the between-participants factors.
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Materials
Demographic Questionnaire
The demographic questionnaire consisted of questions asking about age, race, major,
school year, native English-speaking status, whether they had normal vision, hours of sleep per
night, neurological conditions, history of mood disorders, and mood disorder medication.

Cognitive Task
The task used for this study was created using the lab.js builder (Henninger et al., 2020).
A prospective memory task was created for this study, with two counterbalancing orders where
the block with no PM target trials (“no-PM block”) was either first or last in the trial order. The
task was run using a computer and requires the use of a keyboard and mouse. The prospective
memory task consists of three blocks, with 70 images per block. Each image was able to be
repeated three times, for a total of 30 trials per block, or 90 total trials. These images were from
the International Affective Picture System (IAPS). The IAPS were normed for an undergraduate
sample, using the SAM rating system, with responses ranging from 1 (feeling unhappy) to 9
(feeling happy). Each emotional category was rated and averaged based on a sample of responses
(neutral images, M = 5.14; positive images, M = 7.40; negative images, M = 2.35; overall, M =
4.86) (Lang & Bradley, 2007). In each experimental block, the images are of a corresponding
emotional valence (positive, negative, and neutral), where of the two PM blocks, one block
contains only positive images, while the other PM block contains only negative images, and the
block containing no PM targets (the no-PM block) contains only neutral images. For the control
condition, both PM blocks and the no-PM block have only neutral images. However, initial
practice trials for the ongoing task contained neutral images, as well.
10

To control for practice effects in the ongoing task that may influence cost measures,
participants were randomly assigned to either have the no-PM block first or last in the block
order, with the PM blocks pseudo-randomly placed before or after the no-PM block. For the
control condition, the PM trials are counterbalanced in the order of the experimental trials, with
the first and second PM blocks as analogs to the positive and negative experimental blocks,
respectively.
During each trial, the images are displayed in a list of six or eight images at a rate of one
image per second. At the end of the trial, the participant was asked whether they saw the specific
image displayed one or two positions back in the list, with the number of positions back
alternating per trial. If they saw the corresponding image, participants would press the “1” key
for “yes”, and if it was not that image, they would press the “2” key for “no”. Half of the trials
were 1-back trials, and the other half were 2-back trials. Additionally, half of the trials had “yes”
as the correct response, and half had “no” as the correct response. Ongoing task cost was
measured using the average reaction time (RT) of a participant’s responses during each block of
trials on non-PM target trials. Accuracy for both the PM and ongoing tasks was measured as the
proportion of correct responses to the total number of possible responses.

Prospective Memory Task
During the PM trials, participants were instructed to press the spacebar key if they saw
the image of a dog or baby (the categorical cues) in the list of images. Participants were informed
that if they missed pressing the spacebar key initially, they were still able to hit the key when
they remembered while still on that trial, but not on that image itself. Participants were also
instructed to respond to the PM target, even if it was regarded a late response (e.g., two trials past
11

the initial target viewing). Prospective memory performance was measured by the number of
correct key presses by the participants per trial. Within each block, there were six PM targets for
each emotional category. They were pseudo-randomly dispersed between the positive block
(trials 4, 9, 13, 18, 22, 26), negative block (trials 2, 6, 14, 19, 21, 27). The control condition
version of the task had the same target image order, with the PM targets in blocks containing the
same trials as the experimental condition. More specifically, the control PM block that has the
same PM target order as the positive block is “PM Block 1”, and the control PM block with the
same PM target order as the negative block is “PM Block 2”. All trials were pseudo-random to
avoid practice effects.

Verbal Fluency Task
In between receiving the instructions for the PM blocks and starting the task, the
participants completed a verbal fluency task for three minutes in each block. The purpose of the
task was to be a filler in between receiving the instructions for, and then starting, the PM task to
ensure encoding of the instructions. This task involves having participants list as many words
starting with a specific letter (“F”, “A”, or “S” for the positive/first PM block and “M”, “B”, and
“L” for the negative/second PM block) for a minute per letter. However, participants were
instructed to not list similar words (the same word with a different prefix or suffix), places,
names, or numbers (Duchene et al., 1998).

Procedure
This study was completed entirely online. Participants were given a link to the task,
which was run in their web browser of choice. Once entering the task, they completed the
12

informed consent form. After giving informed consent, participants first completed the
demographic survey. Then, they received the instructions for the ongoing tasks, and completed
two practice trials. Afterwards, they were to either begin the no-PM block or the PM block of
trials, depending on the version they received. If they start with the no-PM block, they completed
the task as demonstrated through the initial practice before moving on to the next block. When
starting the PM block, they then receive instructions on the PM task, with these instructions only
appearing before each PM block. After receiving instructions, the participants completed the
verbal fluency task. Once they have completed the verbal fluency task, the participants went
through each block of the PM task; those in the experimental condition received the positive and
negative PM blocks, and the neutral no-PM blocks, while those in the control condition received
two neutral PM blocks, and a neutral no-PM block. At the end of each block, participants were
asked to rate their perception of the pleasantness of the stimuli (1 = very unpleasant, 4 = neutral,
7 = very pleasant) and their perception of difficulty (1 = very difficult, 4 = neutral, 7 very easy).
For the PM blocks, along with those questions, participants are also asked a retrospective
memory check question about the PM targets (“In addition to the picture memory task, what
are the two images you should be looking for?”). Once completed, participants were able to
close the task window and exit the study (see Figure 2.1).
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Demographics
OT Practice
No PM First/Last
Ongoing Task Only Block (No PM)

Start Verbal Fluency (3x)/PM Block

Complete Next Block
Start Verbal Fluency (3x)/PM Block

2nd Round of VF/PM Block

Complete Final Block
2nd Round of VF/PM Block

Ongoing Task Only Block (No PM)

Figure 2.1
Diagram of procedure process
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CHAPTER III
RESULTS

Prospective Memory Performance
PM performance was operationalized as the percentage of correct responses out of the
total six targets per block and was analyzed using a 2 (Task Block: PM 1/PM 2) x 2 (Condition:
experimental/control) x 2 (Block order: No PM first/No PM last) mixed-factor ANOVA. Task
block was the within-participants factor and both condition and block order variables were
between-participants factors. For all analyses within task block and order, those in the
experimental condition received the positive and negative PM blocks, and the neutral no-PM
blocks, while those in the control condition received two neutral PM blocks, and a neutral no-PM
block. There were no within-participants main effects (block, F(1,55) = .167, p = .69, ηp2 = .003)
or interactions (block x condition, F(1,55) = .04, p = .85, ηp2 = .001; block x order, F(1,55) = .50,
p = .48, ηp2 = .01), but there was a between-participants main effect of condition, F(1,55) =
11.06, p = .002, ηp2 = .17. The lack of an interaction effect shows no difference between the
positive and negative PM blocks. The control condition had higher performance on average (M =
.76, SE = .04, 95% CI [.67, .84]), than the experimental condition (M = .56, SE = .04, 95% CI
[.48, .65]; see Figure 3.1). There was no main effect for order, F(1,55) = 2.13, p = .15, ηp2 = .04,
or an interaction between condition and order, F(1,55) = .05, p = .83, ηp2 = .001
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Figure 3.1
Proportion of correct responses for PM performance by condition

Ongoing Task Accuracy
Ongoing task accuracy was operationalized as the proportion of correct responses to the
ongoing task, excluding PM task trials, with proportions out of 24 ongoing task trials per block
for the PM trials and 30 for the no-PM block. A 3 (Task Block: No PM/PM 1, PM 2) x 2
(Condition: experimental/control) x 2 (Block order: No PM first/No PM last) repeated-measures
ANOVA was used, with task block as the within-participants factor and the condition and block
order as between-participants factors. There was no within-participants main effect for block,
F(2,110) = 2.32, p = .10, ηp2 = .04. However, there was an interaction of block and order,
F(2,110) = 3.21, p = .04, ηp2 = .06, with no interaction between block and condition, F(2,110) =
1.17, p = .32, ηp2 = .02. There appears to be a practice effect, as participants were more accurate
during the PM blocks when they came after the no-PM block, (PM Block 1, M = .93, SE = .03,
95% CI [.88, .98]; PM Block 2, M = .92, SE = .01, 95% CI [.89, .95], No-PM Block, M = .88, SE
16

= .01, 95% CI [.85, .95]; See Table 3.1). There were also no between-participants effects
(condition, F(1,55) = .01, p = .94, ηp2 < .001; order, F(1,55) = 1.29, p = .26, ηp2 = .02; condition x
order, F(1,55) = .29, p = .59, ηp2 = .01).

Table 3.1
Ongoing task accuracy across condition and block
Order

No PM First

No PM Last

Block

PM Block 1
PM Block 2
No PM
PM Block 1
PM Block 2
No PM

Mean

0.93
0.92
0.88
0.86
0.92
0.89

Std.
Error

0.03
0.01
0.01
0.03
0.02
0.01

95% Confidence Interval
Lower
Bound
0.88
0.89
0.85
0.80
0.89
0.86

Upper
Bound
0.92
0.98
0.91
0.99
0.95
0.93

To analyze if there were differences between the 1- and 2-back trials, a 3 (Task Block:
No PM/PM 1, PM 2) 2 (Task Type: 1-back/2-back) x 2 (Condition: experimental/control) x 2
(Block order: No PM first/No PM last) mixed-factor ANOVA was used, with task block and task
type as the within-participants factors and the condition and block order as between-participants
factors. There was a within-participants main effect for block, F(2,110) = 27.95, p < .001, ηp2 =
.34. There was also an interaction between trial type and block order, F(3,110) = 5.02, p = .03,
ηp2 = .08, and between block and trial type, F(2,110) = 8.84, p < .001, ηp2 = .14. PM Block 1 had
the highest overall accuracy (M = .96, SE = .01, 95% CI [.94, .98]), in comparison to PM Block 2
(M = .86, SE = .01, 95% CI [.83, .88]) and the No-PM Block (M = .89, SE = .01, 95% CI [.87,
.91]). Additionally, within the task type x block order interaction, accuracy was highest when the
no-PM block was first (M = .97, SE = .02, 95% CI [.93, 1]). When examining the block x task
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type interaction, the accuracy for both 1-back and 2-back trials in PM Block 2 was the lowest (1back, M = .83, SE = .02, 95% CI [.77, .87]; 2-back, M = .89, SE = .01, 95% CI [.87, .92]). See
Tables 3.2 and 3.3. There were also no between-participants effects for condition, F(1,55) =
.005, p = .94, ηp2 < .001, block order, F(1,55) = 1.35, p = .25, ηp2 = .02, or an interaction between
condition and block order, F(1,55) = .30, p = .59, ηp2 = .01.

Table 3.2
Mean n-back task performance by block order

Order

No PM
First
No PM
Last

N-back

Mean

Std.
Error

95% Confidence
Interval
Lower
Upper
Bound
Bound

1-back
2-back

0.92
0.91

0.02
0.01

0.88
0.88

0.95
0.93

1-back
2-back

0.87
0.92

0.02
0.01

0.83
0.89

0.91
0.94

Table 3.3
Mean n-back task performance by block

Block

PM
Block 1
PM
Block 2
No PM
Block

N-back

Mean

Std.
Error

1-back
2-back

0.95
0.97

0.02
0.01

0.91
0.95

0.99
0.99

1-back
2-back

0.83
0.89

0.02
0.01

0.78
0.87

0.87
0.92

1-back
2-back

0.91
0.87

0.01
0.01

0.89
0.85

0.93
0.89
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95% Confidence
Interval
Lower
Upper
Bound
Bound

Ongoing Task Cost
Ongoing task cost was operationalized as the average response time during the ongoing
task for each block, in milliseconds; higher costs are reflected in a greater difference between the
PM and no-PM blocks. The typical RT trimming procedure was also used, where RT data that
was 2.5 standard deviations away from the mean were trimmed out. A 3 (Task Block: No
PM/PM 1, PM 2) x 2 (Condition: Experimental/Control) x 2 (Block order: No PM first/No PM
last) repeated-measures ANOVA was used, with task block as the within-participants factor and
the condition and block order as between-participants factors. There was no within-participants
main effect for block, F(1,110) = 1.58, p = .21, ηp2 = .03, and no interaction between block and
condition, F(1,110) = .50, p = .61, ηp2 = .01. However, there was an interaction between block
and order, F(1,110) = 16.40, p < .001, ηp2 = .23. On average, the no-PM block had the slowest
RTs when it was first (M = 1990.09, SE = 112.43, 95% CI [1764.78, 2215.39]) in comparison to
when the block was last (M = 1466.08, SE = 122.19, 95% CI [1221.21, 1710.96]; see Table 3.4).
There were also no between-participants effects for condition, F(1,55) = .44, p = .51, ηp2 = .01, or
order, F(3,55) = .04, p = .83, ηp2 = .001. There was also no interaction between the two factors,
F(1,55) = 3.26, p = .08, ηp2 = .06.
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Table 3.4
Mean reaction times by block and block order

Order

Block

No PM
First

PM
Block 1
PM
Block 2
No PM
PM
Block 1
PM
Block 2
No PM

No PM
Last

Mean

Std.
Error

95% Confidence
Interval
Lower
Upper
Bound
Bound

1423.66

66.39

1290.60

1556.71

1634.36
1990.09

125.33
112.43

1383.19
1764.78

1885.53
2215.40

1762.59

72.16

1617.98

1907.20

1740.16
1466.08

136.22
122.19

1467.18
1221.21

2013.15
1710.96

Based on the practice effect, simple effects tests were conducted to tease out the
difference in the groups. These tests were repeated measures ANOVAs with block (No PM/PM
Block 1/PM Block 2) as the within-participants factor and focused on one block order group (No
PM first/No PM last) per test. The first test found a main effect for block, F(2,62) = 9.80, p <
.001, ηp2 = .24. The no-PM block RTs (M = 1977.21, SE = 136.95, 95% CI [1697.90, 2256.53])
were slower than PM Block 1 (M = 1421.49, SE = 57.77, 95% CI [1303.67, 1539.31]) and PM
Block 2 (M = 1622.58, SE = 156.40, 95% CI [1303.60, 1941.56]). Pairwise comparisons were
completed using a Bonferroni adjustment (see Table 3.5).
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Table 3.5
Pairwise comparisons of block for order 1

(I)
block

(J)
block

PM
Block 1

PM
Block 2
No PM
PM
Block 1
No PM
PM
Block 1
PM
Block 2

PM
Block 2

No PM

Mean
Difference
(I-J)

Std.
Error

Sig.

-201.09
-555.72

148.62
109.26

0.56
<.001

-577.22
-832.24

175.05
-279.21

201.09
-354.63

148.62
120.27

0.56
0.02

-175.05
-659.02

577.22
-50.25

555.72

109.26

<.001

279.21

832.24

354.63

120.27

0.02

50.25

659.02

95% Confidence
Interval for Difference
Lower
Upper
Bound
Bound

For the second block order group, there was also a main effect of block, F(2,52) = 9.94, p < .001,
ηp2 = .28. The no-PM block, which came last for this group, was faster M = 1455.34, SE = 74.31,
95% CI [1302.58, 1608.09]) than PM Block 1 (M = 1745.99, SE = 83.81, 95% CI [1573.71,
1918.27]) and PM Block 2 (M = 1715.88, SE = 80.09, 95% CI [=1551.25, 1880.51]). Pairwise
comparisons were completed using a Bonferroni adjustment (see Table 3.6).
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Table 3.6
Pairwise comparisons for block order 2

(I)
block

(J)
block

PM
Block 1

PM
Block 2
No PM
PM
Block 1
No PM
PM
Block 1
PM
Block 2

PM
Block 2

No PM

Mean
Difference
(I-J)

Std.
Error

Sig.

30.11
290.66

62.66
68.14

1
0.001

-130.23
116.30

190.44
465.01

-30.11
260.55

62.66
82.79

1
0.012

-190.44
48.69

130.23
472.41

-290.66

68.14

0.001

-465.01

-116.30

-260.55

82.79

0.012

-472.41

-48.69

95% Confidence
Interval for Difference
Lower
Upper
Bound
Bound

The third simple effects test was a 3 (Task Block: No PM/PM 1, PM 2) x 2 (Condition:
Experimental/Control) repeated measures ANOVA, with block as the within-participants factor
and valence as the between-participants factor. There was no within-participants main effect for
block, F(2,114) = 1.91, p = .153, ηp2 = .03, or interaction, F(2,114) = 0.43, p = .958, ηp2 = .001.
There was also no between-participants effect for control, F(2,57) = .29, p = .59, ηp2 = .005.
Without the order factor, the blocks have similar RTs (see Table 3.7).
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Table 3.7
Block means by condition

Block

PM
Block 1
PM
Block 2
No PM

Mean

Std.
Error

95% Confidence
Interval
Lower
Upper
Bound
Bound

1569.325

53.693

1461.806

1676.844

1664.549
1738.061

92.532
88.695

1479.256
1560.452

1849.841
1915.669

Emotional and Difficulty Ratings
At the end of each block of trials, participants were asked to rate how pleasant the images
were and how difficult the task was, both with ratings from one to seven. With pleasantness, the
more pleasant the higher the rating, while for difficulty, the easier the task was to the participant,
the higher the rating. Average ratings and frequencies were calculated. A 3 (Task Block: No
PM/PM 1, PM 2) x 2 (Condition: Experimental/Control) x 2 (Block order: No PM first/No PM
last) repeated-measures ANOVA was used for both types of ratings, with task block as the
within-participants factor and the control and block order as between-participants factors. For
pleasantness, there was a within-participants main effect for block, F(2,110) = 60.34, p < .001,
ηp2 = .52, an interaction between block and condition, F(2,110) = 56.81, p < .001, ηp2 = .51, but
no interaction between block and order, F(2,110) = .57, p = .57, ηp2 = .10. By block, the no-PM
block a similar rating (M = 4.10, SE = .11, 95% CI [3.87, 4.33]) to the first PM block (M = 4.29,
SE = .16, 95% CI [3.97, 4.60]), but both were higher than the second PM block (M = 2.80, SE =
.10, 95% CI [2.60, 3.00]). The control group had a higher rating overall (M = 4.23, SE = .13,
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95% CI [3.98, 4.50]) in comparison to the experimental group (M = 3.22, SE = .13, 95% CI
[2.97, 3.49]). There was a between-participants effect for control, F(1,55) = 30.42, p < .001, ηp2
= .36, but no main effect for block order, F(1,55) = .61, p = .44, ηp2 = .01, or an interaction
between the two factors, F(1,55) = .04, p = .85, ηp2 = .001. When examining the block x
condition interaction, as expected, the emotional group’s negative block of trials had the lowest
rating (M = 1.39, SE = .14, 95% CI [1.11, 1.66]). Unexpectedly, however, the positive block
ratings (M = 4.26, SE = .22, 95% CI [3.83, 4.70]) were not higher than the neutral PM Block 1
ratings (M = 4.31, SE = .22, 95% CI [3.87, 4.75]). See Table 3.8.

Table 3.8
Pleasantness ratings of block by condition
Valence
Condition

Block

PM
Neutral
Block 1
PM
Block 2
No PM
Emotional Positive
Negative
No PM

Mean

Std.
Error

95% Confidence
Interval
Lower
Upper
Bound
Bound

4.31

0.218

3.872

4.747

4.21
4.176
4.264
1.389
4.028

0.137
0.163
0.219
0.137
0.164

3.936
3.849
3.825
1.114
3.699

4.483
4.504
4.703
1.663
4.356

For difficulty, there was a within-participants main effect for block, F(2,110) = 9.25, p <
.001, ηp2 = .14, block x condition interaction, F(2,110) = 5.33, p = .006, ηp2 = .09, and block x
order interaction, F(2,110) = 6.14, p = .003, ηp2 = .10. The blocks were rated consistently, with
the no-PM block being rated, on average as easier than the PM blocks (M = 4.18, SE = .18, 95%
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CI [3.82, 4.54]). Additionally, this rating pattern was consistent across conditions, but the no-PM
block was rated the easiest when it was first (see Tables 3.9 and 3.10). However, there were no
between-participants main effects (condition, F(1,55) = 1.31, p = .26, ηp2 = .02; order, F(1,55) =
.4, p = .84, ηp2 = .001) or interactions, F(1,110) = .03, p = .86, ηp2 = .001.

Table 3.9
Difficulty ratings of block by condition
Valence
Condition

Neutral

Emotional

Block

PM
Block 1
PM
Block 2
No PM
Positive
Negative
No PM

95% Confidence
Interval
Lower
Upper
Bound
Bound

Mean

Std. Error

3.71

0.24

3.22

4.20

3.97
4.08
3.44
3.04
4.28

0.25
0.26
0.25
0.25
0.26

3.47
3.57
2.95
2.54
3.77

4.46
4.59
3.94
3.54
4.79
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Table 3.10
Difficulty ratings of block by order

Order

Block

No PM
First

PM
Block 1
PM
Block 2
No PM
PM
Block 1
PM
Block 2
No PM

No PM
Last

Mean

Std.
Error

95% Confidence
Interval
Lower
Upper
Bound
Bound

3.33

0.23

2.86

3.80

3.50
4.53

0.24
0.24

3.02
4.04

3.98
5.02

3.83

0.26

3.32

4.34

3.51
3.83

0.26
0.27

2.99
3.30

4.03
4.37

Mood Disorders, Medication, and Performance
Participants were asked if they were diagnosed with a mood disorder, and if so, if they
were taking any medications for that disorder. Answers to both questions were coded as “yes”
and “no” responses. Although less than half of participants stated they had a mood disorder (n =
22), even fewer stated they were taking medication (n = 8). Given the emotional nature of the
stimuli, Pearson’s r correlation was conducted to see if there was a relationship between a mood
disorder diagnosis, medication use, and performance on both the PM task and the ongoing task.
As expected, there was a moderate, positive correlation between mood disorder diagnosis and
medication use, r =.51, p < .001. There was also a small, negative correlation between mood
disorder diagnosis and PM performance, r = -.30, p = .02. However, there was no correlation
between diagnosis and ongoing task performance, or medication use and performance on either
task.
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CHAPTER IV
DISCUSSION

Overall, prospective memory performance was negatively impacted by the use of
emotional stimuli; those that were in the all-neutral control group had higher prospective
memory performance than those who were in the emotionally-valenced experimental group. The
order in which the task blocks were presented influenced ongoing task cost and performance. As
such, the current results contradict the hypotheses of this study, as well as many current studies
and theories regarding the benefits of emotional stimuli on PM performance. Although some
previous studies found that using emotional images as target cues leads to stronger benefits to
PM performance in comparison to emotional word cues (Hostler et al., 2018), the current study’s
results instead show that those who received the positive and negative images performed worse
than those in the all-neutral image group. These results add to the inconsistent findings observed
throughout the PM literature regarding the influence of emotional stimuli on PM performance
(Ballhausen et al., 2015; Clark-Foos et al., 2009; Henry et al., 2015; Hostler et al., 2018; Kliegel
& Jäger, 2006)
Although other studies suggest emotional stimuli improves PM performance, the current
study aligns with results that suggest these stimuli are a detriment to PM performance. For
example, Graf and Yu (2015) found that, despite the use of emotional images, those in the
emotional cue conditions had worse performance than those in the neutral cue condition. The
researchers theorized that this result may be an issue of attention or context. They argue that
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when the cues are emotional, the scope of one’s attention is narrowed, so their ability to process
more information within a task becomes limited. In turn, performance suffers, as participants
would be less able to process all the necessary information to correctly recognize target cues.
Ballhausen et al. (2015) and Clark-Foos et al. (2009) found a similar detriments as the current
study, where they theorize that the emotional aspect of the stimuli leads attention away from the
task and toward thoughts and feelings associated with the emotional cue. In turn, this reduced
attention could weaken the strength of the encoding process and reduce later PM performance.
Interestingly, although there were no differences in ongoing task performance by
condition, there were differences in block order, aligning with previous studies. In the groups
where the no-PM block was first, the PM block trials had higher performance, with lower
reaction times. This suggests that cognitive costs were low when the no-PM block was first,
despite the PM targets in the PM blocks. Lower RTs during the PM blocks runs counter to
previous studies, as typically no-PM blocks have faster RTs than PM blocks (Ballhausen et al.,
2015; Henry et al., 2015). However, when the no-PM block was last, accuracy in PM block 1
(the positive block in the emotional condition) had lower accuracy with costs like PM block 2
(the negative block in the emotional condition). The no-PM block in this group also had worse
accuracy with faster reaction times. This is counter to the other no-PM block, where the accuracy
was similar, but with slower RTs. This seems to suggest that when participants start with the noPM block, there are higher costs. Based on the simple-effects tests conducted, these results are
due to practice effects, as participants who received the no-PM block first were faster to respond
than those who received the no-PM block last. And, when order is removed from analyses, the
difference in costs between blocks disappears. Even though the benefits of using these valenced
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images may not have been seen with PM performance, they might have been with ongoing task
cost when given a “practice” block to understand the ongoing task.
Rather than observing any cognitive costs being incurred, there were practice effects in
place. In comparison to the no-PM block, ongoing task performance was higher in the PM block,
which is an indicator of spontaneous retrieval processes at work (Einstein et al., 2005; Shelton &
Scullin, 2017). As such, spontaneous retrieval processes appear to be the central mechanism
supporting PM in this paradigm. Additionally, given that the ongoing task accuracy followed a
similar trend as cost, both performance and reaction time are influenced by the order in which
the blocks are presented. Interestingly, the negative impact of emotional stimuli on PM
performance did not lead to a difference in costs, as RTs were consistent between the PM blocks.
This suggests that the spontaneous retrieval processes used are compromised by the emotional
aspect of the stimuli in this task. So, even though there is no difference between positive and
negative stimuli in regard to task performance or costs, the inclusion of emotional stimuli in
general appears to have influence on cognitive processes like spontaneous retrieval.
The current study also had an unusually large number of excluded participants by
retrospective memory check failure in comparison to other studies (Ball & Bugg, 2018) . Of all
11 participants that were excluded due to retrospective memory failure, 10 were from the
emotionally-valenced experimental group. Historically, emotional stimuli have influenced
performance on retrospective memory tasks (Isen et al., 1978; Moran, 2016). The emotional
aspect of the cues may have drawn their attention away from the details of which cues to respond
to. The explanation by Clark-Foos et al. (2009) regarding reduced attention influencing task
performance may also explain the number of excluded participants and the differences in the
groups in terms of exclusion. The emotional nature of the stimuli may have reduced the strength
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of the encoding process, a strong emotional response in the moment may have distracted
participants and reduced performance for the emotional group. Had a mood manipulation been
put in place and altered whether participants were in a “pleasant” mood or an “unpleasant” mood
prior to the task, participants may have been better acclimated to the feelings, and led to results
that reflect past mood studies (Isen et al., 1978). Additionally, as the retrospective memory check
questions were given after the “somewhat difficult” PM task, the excluded participants might
have reduced or limited cognitive resources to retrieve the necessary details to answer the
question correctly.
Although many PM studies use words as the stimuli of choice (Altgassen et al., 2011;
Ballhausen et al., 2015; Clark-Foos et al., 2009; May et al., 2015), the current study used images.
The use of images or words as stimuli have both been effective as an emotional manipulation to
influence PM performance, however the use of images has shown more benefits to PM
performance (De Houwer & Hermans, 1994; Hostler et al., 2018). The current study is also not
unique in using an image-based n-back task, but studies that have used image-based n-backs use
only one-back tasks (Altgassen et al., 2010; Henry et al., 2015). The paradigm used in this study
is novel in that it used a two-back format, making the task more difficult, as reflected in the
difficulty ratings and the lack of ceiling effects among groups. The difficulty, along with the
emotional aspect of the images, may have led to the detriment seen in this study.

Limitations
There were several limitations to this study. Given that the cognitive task was developed
during the height of the coronavirus pandemic, data collection occurred online, as opposed to in
the laboratory. As such, participants were not able to ask the experimenter questions if they were
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confused about any of the instructions for the task. Any confusion participants may have had
might have influenced some to misremember the PM target images, and in turn, fail the
retrospective memory check questions during their respective PM blocks. Seeing as exclusions
from a sample are low, particularly with young adults (Ball & Bugg, 2018) this may have
unnecessarily reduced the number of participants that were available for this sample. Finally, as
almost all the excluded participants were from the experimental group, the emotional aspect of
the stimuli was possibly detrimental to their ability to recall the PM targets when asked.

Future Directions
Future studies using this task could be done in the laboratory. Although online and
laboratory data collection tend to yield similar results (Dandurand et al., 2008; Germine et al.,
2012), there are benefits (as listed above), that may help tease out the issue regarding the
excluded participants. Additionally, using more emotionally arousing (yet appropriate) positively
valenced images may provide more salient cues that would influence cognitive processes, as seen
in the negative stimuli. Because the current study did not ask participants to specify the type of
mental illness and/or medications they were taking, future studies could also explore the effects
of specific mental illnesses (e.g., anxiety and depression) and medications (e.g., SSRIs) would
have on performance with this specific task. Future studies could also focus not only on the
valence of the images, but also arousal, as emotional arousal can influence the effects these
emotional stimuli have on performance (Hostler et al., 2018). Context of instructions and the
scope of attention within the task itself could also be examined.
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Conclusion
This study investigated the effects of emotional stimuli on prospective memory
performance using emotional images. PM performance was lower for the emotional group in
comparison to the neutral control group, contradicting both the hypotheses and previous studies.
Interestingly, although use of the emotional PM cues was a detriment to PM performance, these
cues appeared to be beneficial to ongoing task performance. When compared to the all-neutral
control, ongoing task performance was higher with overall lower costs, suggesting less effortful
processing when emotional cues are used during the ongoing task. However, the use of
emotional images did not influence ongoing task performance, and rather than observing
ongoing task costs, practice effects were observed. Additionally, there was a negative correlation
between mood disorder diagnosis and PM performance, suggesting that history with a mood
disorder may impact PM performance. Future studies could focus on cue arousal along with
valence, context of the emotional cues, as well as the effects of different mood disorders on PM
performance.
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